T he incidence of atrial septal defect associated with anomalous pulmonary venous drainage is low. This case illustrates the presence of partial anomalous pulmonary venous drainage into a midline atrial chamber with no interatrial communication, a situation not previously described in patients with the usual atrial arrangement.
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Clinical Summary
An incidental heart murmur in a 24-year-old woman led to discovery of an atrial septal defect with an apparent partition on echocardiogram. Transesophageal echocardiography and magnetic resonance imaging showed left pulmonary venous drainage into the left atrium (LA) and right pulmonary venous drainage into a midline atrial chamber that communicated with the right atrium (RA) but was completely partitioned from the LA (Figures 1 and  2 , A). There were no other cardiac anomalies or visceral malformations. Cardiac catheterization confirmed absence of an interatrial communication and normal pulmonary artery pressure. There was a step up in oxygen saturation in the mid RA (94%) from the superior vena cava and high RA (78%). The main pulmonary artery saturation was 92%, whereas the right upper and lower pulmonary veins accessed through the RA into the midline chamber were 98% saturated. The left pulmonary venous drainage into the LA was visualized on the levo phase of the left pulmonary angiogram (Figure 2, B) .
During the operation, the heart appeared normal externally. Right atriotomy showed a midline atrial chamber, formed by a right-sided incomplete partition and intact left-sided atrial septum, into which opened the orifices of the right upper and lower pulmonary veins. The free margin of the partition was suspended from the septal aspect of the atrioventricular junction and allowed venous return from the right pulmonary veins to flow to the tricuspid valve orifice. The atrial septum and the partition were excised, and the resulting common atrial chamber was reseptated with autologous pericardial patch to allow all pulmonary venous return to be directed into the LA. The eustachian valve and the valve of the coronary sinus were in the anatomically normal position. The patient recovered uneventfully and remains symptom free 7 years after the operation. Postoperative echocardiography confirmed drainage of all pulmonary veins into the LA.
Comment
The incomplete midline accessory chamber in this case is intriguing, especially because the heart was otherwise normal, with the usual arrangement of the atrial appendages (situs solitus). It is well recognized that hearts with isomeric arrangement of the right atrial appendages (situs ambiguous) not infrequently have the pulmonary veins draining into an atrial pouch in the middle of the roof of the atrial mass. 1 This is to be anticipated, because most of these hearts have grossly abnormal formation of the atrial septum and totally anomalous pulmonary venous connections according to morphologic criteria. To the best of our knowledge, our case exhibits a most unusual entity, one that has not been described previously. The diagnosis of the midline chamber was made with three imaging modalities. The differential diagnoses considered were partially anomalous pulmonary venous connections and cor triatriatum (also known as subdivided LA). In terms of flow, there is no doubt that the right pulmonary veins drained into the RA instead of the LA. Whether the right veins are also anomalously connected, however, cannot be determined. This is because the embryologic derivation of the intact septum to the left of the midline chamber is open to conjecture. We have considered this structure the atrial septum because in fetal life it must have been patent, at the oval fossa, to allow flow to the left side of the heart for normal development of the chambers on that side.
Alternatively, this case is reminiscent of the case of subdivided LA described by Michaud and colleagues, 2 in which the left pulmonary veins drained into the distal chamber and the right pulmonary veins drained into the proximal chamber, the so-called type A2 of Thilenius and associates. 3 The argument against our case being an example of subdivided LA is the configuration of the partition on the right side. The defect in the partition lies toward the atrioventricular junction, in a location comparable to an ostium primum, except that this heart lacks the hallmark of a common atrioventricular junction that is so characteristic of hearts with atrioventricular septal defects. It has discrete left and right atrioventricular junctions guarded by mitral and tricuspid valves, respectively.
The embryologic derivation of this midline chamber is enigmatic, because the pulmonary venous incorporation into the atrium is closely timed with atrial septal development but the spatiotemporal sequence is an issue of controversy. Currently there are two schools of interpretation of the embryologic origin of the common pulmonary vein, which is the precursor of the definitive lateralized veins. The primary theory suggests the origin of common pulmonary vein within mediastinal tissues that remains distinct from the sinus venosus delineated by the right and the left venous valves. 4 The alternative theory supports its origin from sinus venosus, with eventual positioning of the common pulmonary vein into the LA. 5 The septum primum grows into the common atrium and is separated from the left venous valve by the interseptovalvular space. Normally, the muscular septum secundum is formed within the interseptovalvular space and the left venous valve blends with the right side of septum secundum to obliterate this space. In this case, however, persistence of interseptovalvular space with the embryonic left venous valve remnant as the incomplete partition may explain the morphogenesis of the midline chamber. Because of marked asymmetry in the timing and sequence of events for pulmonary venous development, a process of differential pulmonary venous segregation, which supports the primary theory, 4 may explain right pulmonary vein malincorporation into the midline chamber.
Although appreciation of the developmental basis would not have altered the surgical approach, recognition of precise anatomic disposition of this unusual anomaly is essential for effective planning of the appropriate corrective surgical strategy. Awareness of the exact nature of the pulmonary venous drainage is pivotal to the prevention of pulmonary venous obstruction and its ensuing adverse hemodynamic effects.
